The main aims of this work were to produce and examine the characteristics of nanostructured ZnO in dye--sensitized solar cells. Parameters which are aected by the eciency such as precursor materials, morphology were investigated. The Raman spectroscopy was used to investigate transformation from bulk material to solution. General morphologies and detailed structural characterizations were obtained using eld emission scanning electron microscopy. X-ray diractometer has been used to determine preferred crystal orientation and particle size of the ZnO nanostructures.
Introduction
ZnO is an important material and has received considerable attention due to its applications in electrical, optical, mechanical, and scientic research, as well as industry. ZnO is a wide band gap (3.37 eV) semiconductor and has a large binding energy (60 meV) [1] , low resistivity and high transparency in the visible range and high light trapping characteristics [2] . ZnO has also attracted attention for electrical and optical applications such as light-emitting diodes, photocatalysts, photodetectors, piezoelectronic devices, sensors and solar cells [3] .
Conventional solar cells are based on light harvesting
and charge separation at semiconductor pn junctions.
In contrast, dye-sensitized solar cells (DSSCs) utilize a combination of wide-gap semiconductors and organic or metal-organic complex dyes which play a fundamental role in light harvesting [4] . Nanostructured ZnO has been synthesized via a wide range of techniques [8] . Among these methods, the sol gel method has drawn a considerable amount of attention in scientic and technological elds because of its considerable advantages of generally low temperature process- * corresponding author ing conditions, easy composition control and homogeneity, easy fabrication of thin lms with large area and low cost [7] .
In this paper, we aimed to produce and examine the characteristics of nanostructured ZnO in dye-sensitized solar cells. Znaidi [8] reported that all the production parameters play a role on the lm orientation. has been assigned to the ZnO bond, which is compatible with the literature [11] . When the zinc acetate dihydrate is dissolved in the ethanol, the E 2 mode shifts from 425 cm −1 to 436 cm −1 in the zinc acetate solution;
this is due to the relaxation of the intermolecular stress.
These bonds probably would initiate crystallization process during the lms heat treatment [11] . Fig. 4 . FESEM images of ZnO thin lms produced by using dierent molar ratio solutions: (a) ZnO-1, (b) ZnO-2, (c) ZnO-3.
As can be seen from Fig. 4ac , the produced ZnO thin lm coatings exhibit porous spherical nanostructures with the grain size 22 nm for ZnO-1, 28 nm for ZnO-2, and 31 nm for ZnO-3, which were calculated with Scherrer's formula. The rate of particle growth is governed by the concentration of precursors or dissolved species and their reactivity, which depends on the number of particle surface atoms, and the solution composition [8] . 
Conclusions
Dye-sensitized solar cells were fabricated by using ZnO nanostructured thin lm photoelectrodes synthesized from dierent molar ratio Zn-based sols. It is understood that the microstructures and also cell performances were dependent on the molar ratio of starting solution.
The cell produced from zinc acetate dihydrate precursor, dissolved in ethanol with 0.7 M shows the highest conversion eciency of 2.2%.
